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Magnetic bimeron composed of two merons is a topological counterpart of magnetic skyrmion in in-plane
magnets, which can be used as the nonvolatile information carrier in spintronic devices. Here we analytically
and numerically study the dynamics of ferromagnetic bimerons driven by spin currents and magnetic fields. Nu-
merical simulations demonstrate that two bimerons with opposite signs of topological numbers can be created
simultaneously in a ferromagnetic thin film via current-induced spin torques. The current-induced spin torques
can also drive the bimeron and its speed is analytically derived, which agrees with the numerical results. Since
the bimerons with opposite topological numbers can coexist and have opposite drift directions, two-lane race-
tracks can be built in order to accurately encode the data bits. In addition, the dynamics of bimerons induced by
magnetic field gradients and alternating magnetic fields are investigated. It is found that the bimeron driven by
alternating magnetic fields can propagate along a certain direction. Moreover, combining a suitable magnetic
field gradient, the Magnus-force-induced transverse motion can be completely suppressed, which implies that
there is no skyrmion Hall effect. Our results are useful for understanding of the bimeron dynamics and may
provide guidelines for building future bimeron-based spintronic devices.
I. INTRODUCTION
Topologically nontrivial magnetic skyrmions have received
a lot of attention, because they have small size and low depin-
ning current, and can be used as information carriers for in-
formation storage and computing applications [1–12]. Mag-
netic skyrmions have been experimentally observed in sys-
tems with bulk or interfacial Dzyaloshinskii-Moriya interac-
tion (DMI) [3–6], and can be manipulated by various methods,
such as electric currents [13–15], spin waves [16], magnetic
field gradients [17–19], magnetic anisotropy gradients [20–
24] and temperature gradients [25, 26]. In addition, various
topologically nontrivial spin textures, such as antiferromag-
netic skyrmions [27–31], ferrimagnetic skyrmions [32], anti-
skyrmions [33], and bimerons [10, 34–52], are also currently
hot topics.
Particularly, a bimeron composed of two merons can be
regarded as a counterpart of the skyrmion in in-plane mag-
nets, which can be attained by rotating the spin texture of
a skyrmion by 90◦. [43] Therefore, the ferromagnetic (FM)
bimerons share the characteristics of skyrmions, such as small
size and topologically nontrivial spin structure, and they also
show the transverse drift during force-driven motion, i.e., the
skyrmion Hall effect [53, 54]. The skyrmion Hall effect may
cause the skyrmion (or bimeron) to annihilate at the sam-
ple edge, which is detrimental for practical applications. To
overcome or suppress the skyrmion Hall effect, various ways
have been proposed, such as adopting synthetic antiferromag-
netic skyrmions [55–58] or applying high magnetic anisotropy
in the racetrack edge [59]. Magnetic bimerons, which can
be found in various magnets [10, 35, 37, 38, 43, 45, 48–
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50, 52], also has the potential to be used as information car-
riers for spintronic devices made of in-plane magnetized thin
films [10, 43, 45]. Recent studies on bimerons [43, 45, 47–
50, 52] focus on its dynamics induced by electric currents.
However, an electric current faces the issue of Joule heating
and is not applicable for insulating materials. Therefore, it is
necessary to explore alternative methods for manipulating FM
bimerons effectively.
In this work, we report the dynamics of FM bimerons in-
duced by spin currents and magnetic fields. We numerically
realize the simultaneous creation of two bimerons with oppo-
site topological numbers via current-induced spin torques, and
we theoretically prove that such two bimerons can coexist in
a FM film with interfacial DMI. Our results show that in ad-
dition to the spin current, a magnetic field gradient can drive
a FM bimeron to motion. Furthermore, excited by alternating
magnetic field, the bimeron propagates along a certain direc-
tion, which does not show the skyrmion Hall effect when a
suitable magnetic field gradient is further adopted.
II. MODEL AND SIMULATION
Considering a FM film with perpendicular magnetic
anisotropy [Fig. 1(a)], the skyrmion [Fig. 1(d)] can be sta-
bilized by introducing the isotropic interfacial DMI [60, 61],
where the DMI can be induced at the ferromagnet/heavy metal
(such as Ta and Pt) interface. Here we focus on the study
of a FM film with in-plane easy-axis anisotropy [Fig. 1(b)].
In such a FM system, the asymmetrical bimeron [Fig. 1(e)]
is formed when the isotropic interfacial DMI is adopted. We
employ the Landau-Lifshitz-Gilbert (LLG) equation [63] with
the damping-like spin torque to simulate the dynamics of FM
systems, which is described as
m˙ = −γm×Heff + αm× m˙+ γHjm× p×m. (1)
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2FIG. 1. (a)-(c) The geometry of the magnetic atom (orange), the
DMI vector (green) and the magnetic anisotropy (red). When the per-
pendicular magnetic anisotropy and isotropic DMI (a) are adopted,
the skyrmion (d) can be a stable solution. Taking in-plane easy-axis
anisotropy and isotropic DMI (b), the asymmetrical bimeron (e) is
formed. If we further rotate the DMI vectors by 90◦ (anisotropic
DMI) (c), the bimeron has symmetrical shape (f).
m (= M/MS with saturation magnetization MS) is the re-
duced magnetization and m˙ denotes the partial derivative of
the magnetization with respect to time. The damping-like spin
torque γHjm×p×m can be produced by injecting a current
into a magnetic tunnel junction or using the spin Hall effect.
p is the polarization vector and Hj relates to the applied cur-
rent density j, defined as Hj = j~θSH/(2µ0eMStz) with the
reduced Planck constant ~, the spin Hall angle θSH, the vac-
uum permeability constant µ0, the elementary charge e, and
the layer thickness tz . γ and α denote the gyromagnetic ra-
tio and the damping constant respectively. Heff stands for the
effective field obtained from the variation of the FM energy
E,
E =
∫
dV
{
A(∇m)2 −K(m · n)2 − µ0MSH ·m
+D[mz∇ ·m− (m · ∇)mz]} ,
(2)
where the first, second, third and fourth terms represent the
exchange energy, magnetic anisotropy energy, Zeeman energy
and DMI energy respectively. In Eq. (2), A, K and D are
the exchange constant, magnetic anisotropy constant and DMI
constant respectively. n = ex stands for the direction of the
anisotropy axis, and H is the applied magnetic field. Note
that the thermal fluctuation and dipole-dipole interaction are
not taken into account.
To obtain the bimeron mentioned above, the presence of in-
plane magnetic anisotropy in materials (such as CoFeB [62])
is essential. On the other hand, the out-of-plane spin configu-
rations exist in the bimeron, and they will increase the system
energy if the in-plane anisotropy is considered. By introduc-
ing other energies, such as the DMI energy, which lends to
spin canting, the energy increase due to the anisotropy can
be compensated, so that the bimeron can be formed in a FM
film with DMI and in-plane easy-axis anisotropy (the stabil-
ity diagram of the bimeron is shown in Fig. 9). Similar to
DMI, the frustrated exchange interaction can also bring the
spin canting [43], so that the bimeron can be stabilized in
frustrated FM systems [49]. In addition to ferromagnets, the
FIG. 2. (a)-(h) The time evolution of the magnetization mz induced
by a spin-polarized current with the polarization vector p = ez ,
where the damping-like spin torque is taken into account and the
color represents the value of mz . (i) The evolution of the topological
number Q and the injected current density j. In our simulations, the
current of j = 1500 MA/cm2 is injected in the central circular region
with diameter of 30 nm [see green lines in Figs. (a)-(c)] and we adopt
the following parameters, A = 15 pJ/m, K = 0.8 MJ/m3, D = 4
mJ/m2, MS = 580 kA/m, γ = 2.211× 105 m/(A s) and θSH = 0.2.
Here we take the damping α = 0.5, which is a realistic value in the
ultra-thin FM layer grown on a heavy metal [54]. The mesh size of
0.3 × 0.3 × 0.5 nm3 is used to discretize the FM film with the size
120× 120× 0.5 nm3. Figs. (a)-(h) only show the mz in the 96× 96
nm2 plane.
bimeron is a stable solution in antiferromagnets in the pres-
ence of DMI and in-plane anisotropy [48, 52]. Note that the
shape of bimerons depends on the DMI. Taking isotropic DMI
(see Fig. 1), i.e., the DMI vectors are in-plane and DMI en-
ergy constant Dx = Dy , the formed bimeron has asymmet-
rical shape [52]. If we rotate the DMI vectors by 90◦ [see
Fig. 1(c)] [43], the bimeron shape will be symmetrical [see
Fig. 1(f)] [48]. The dynamics of symmetrical and asymmetri-
cal FM bimerons induced by alternating magnetic fields will
be discussed later, while for the bimeron in antiferromagnet,
it is difficult to excite its dynamics by a magnetic field.
III. SPIN CURRENT-INDUCED CREATION OF
BIMERONS
Creating bimerons is the foundation for their practical ap-
plications. Here we use a spin current to create the bimerons
via damping-like spin torques. As shown in Fig. 2(a), the ini-
tial state is the FM ground state. When the current pulse of
j = 1500 MA/cm2 and p = ez is injected into the cen-
tral circular region with diameter of 30 nm, the magnetiza-
tion in the circular region will be flipped towards the direc-
tion of the polarization vector p, as shown in Fig. 2(b). At
t = 0.2 ns [Fig. 2(d)], the current is switched off, and then the
magnetic texture is relaxed [see Figs. 2(e)-(h)]. Figure 2(h)
shows that after the relaxation, two bimerons are simultane-
ously generated. In addition, we calculate the time evolu-
tion of the topological number Q = −1/(4pi) ∫ dxdy[m ·
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FIG. 3. The components mx (a) and my (b) of the magnetization for
this case of Fig. 2(h).
(∂xm×∂ym)] [28, 35, 64], showing that for the two bimerons
created here, the sum of their topological numbers equals to
zero [see Fig. 2(i)]. This indicates their opposite topologi-
cal numbers, which is also confirmed in Fig. 2(h). A pair of
bimerons with oppositeQ shown in Fig. 2(h) can be separated
into two independent bimerons when a suitable spin current
is applied, as they have opposite drift directions (see Fig. 4).
Note that an isolated bimeron with positive Q will be created
when j = +1000 MA/cm2, as shown in Fig. 10. If the sign
of current is changed, i.e., j = −1000 MA/cm2, the created
bimeron has negative Q.
In order to analyze such a phenomenon, i.e., two bimerons
with opposite signs of Q are stabilized in a FM film with
the same background (see Video 1), [45, 47] we present the
components mx and my of the magnetization for the case
of Fig. 2(h), as shown in Fig. 3. Figures 2(h) and 3 suggest
that by using the operation [mx(x, y),my(x, y),mz(x, y)]→
[mx(−x, y),−my(−x, y),−mz(−x, y)], two bimerons cre-
ated here can convert to each other. On the other hand, the
operation mentioned above will affect the spatial derivative
of the magnetization, (∂x, ∂y) → (−∂x, ∂y). Thus, we ob-
tain the operation for the spatial derivative of the magneti-
zation, (∂xmx, ∂xmy, ∂xmz)→ (−∂xmx, ∂xmy, ∂xmz) and
(∂ymx, ∂ymy, ∂ymz) → (∂ymx,−∂ymy,−∂ymz). Taking
the above operation and combining Eq. (2), it is found that
the system energy E is not changed, however giving rise to a
change in the sign of the topological number Q. As a result,
the bimerons with opposite signs of Q can coexist in the FM
film with in-plane anisotropy and isotropic DMI (see Fig. 1),
while in a FM system with perpendicular magnetic anisotropy
and isotropic DMI, the coexistence of different skyrmions
with opposite topological numbers is not allowed. We note
that taking the same values of parameters, the asymmetrical
bimerons have a smaller size compared to the skyrmions.
IV. SPIN CURRENT-DRIVEN MOTION OF BIMERONS
In addition to creating the bimerons, manipulating them is
also indispensable for the application of information storage
and logic devices. We now use the spin current (instead of
electric current) to manipulate the bimerons. Taking the cur-
rent density j = 5 MA/cm2 and the damping α = 0.5, the
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FIG. 4. (a)-(f) The time evolution of the velocities (vx, vy) for
bimerons with opposite signs of the topological number Q, where
j = 5 MA/cm2, θSH = 0.2 and α = 0.5. In addition, different polar-
ization vectors p = ex, ey and ez are adopted. The velocities vx (g)
and vy (h) as functions of the damping α for the bimerons with pos-
itive sign of Q, where the numerical (symbols) and analytical (lines)
results are obtained from our micromagnetic simulations and Eq. (5)
respectively. In addition to dxx ∼ 15.44 and dyy ∼ 12.93, the nu-
merical value of (ux, uy) has been used in our calculations [Figure 11
shows that it is equal to (0, -13.18 nm), (33.03 nm, 0) and (0, 25.91
nm) for the cases of p = ex, ey and ez , respectively.].
time evolution of the velocities (vx, vy) for bimerons with op-
posite signs ofQ is shown in Figs. 4(a)-(f), where the velocity
vi = r˙i and the guiding center (rx, ry) of the bimeron is de-
fined as [17]
ri =
∫
dxdy[im · (∂xm× ∂ym)]∫
dxdy[m · (∂xm× ∂ym)] , i = x, y. (3)
From Fig. 4, we can see that for the cases where the polar-
ization vector p = ex, ey and ez , the bimerons can be driven
to motion and the velocity reaches a constant value at t = 0.2
ns. For the bimerons with opposite signs of Q, a spin cur-
rent drives them to drift in the opposite directions. Namely,
their skyrmion Hall angles [= arctan(vy/vx)] have opposite
signs. The above result means that two-lane racetracks (or
double-bit racetracks) can be built in order to accurately en-
code the data bits, where the presence of a bimeron in the top
and bottom lanes is used to encode the data bits “1” and “0”
respectively. [47, 65–67] Compared to the single-lane race-
track based on skyrmions, such a two-lane racetrack based on
bimerons is robust for the data representation, as we always
detect a bimeron for the data bits “1” and “0”. In the single-
lane racetrack, the data bits “1” and “0” are encoded by the
presence and absence of a skyrmion respectively. However,
the distance between two skyrmions may be affected by many
factors, so that the number of the data bit “0” cannot be accu-
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FIG. 5. (a) The time evolution of the velocities (vx, vy) for the
bimeron with positive Q, where the magnetic field gradient (H =
−dH/dx · xex with µ0dH/dx = 1 mT/nm) is adopted as the driv-
ing source, and the damping α = 0.5. (b) The velocities (vx, vy) at
t = 0.2 ns as functions of the magnetic field gradient µ0dH/dx for
α = 0.5, where the symbols are the results of numerical simulations
and the lines are given by Eqs. (5) and (6).
rately encoded by the absence of a skyrmion.
By changing the damping constant α, the different values
of the velocities (vx, vy) are obtained from the numerical sim-
ulations, as shown in Figs. 4(g) and (h). In order to test the
reliability of the simulated speeds, from Eq. (1), we derive the
steady motion equation for the FM bimeron using Thiele’s (or
collective coordinate) approach [68–71], written as
G× v + F α + F driv = 0, (4)
where G = (4piQµ0MStz/γ)ez is the gyrovector. F α =
−αµ0MStzd · v/γ represents the dissipative force with the
dissipative tensor d, where the component dij of the dissipa-
tive tensor is dij =
∫
dxdy(∂im · ∂jm). F driv denotes the
driving force, which is described as F driv = −µ0HjMStzu
with ui =
∫
dxdy[(m × p) · ∂im] when the damping-like
spin torque is considered. From Eq. (4), we obtain the steady
motion speed,(
vx
vy
)
=
γL · F driv
µ0MStz[(4piQ)2 + α2dxxdyy]
, (5)
where L =
(
αdyy −4piQ
4piQ αdxx
)
, and dxy ∼ 0 has been used (see
Fig. 11). Figures 4(g) and (h) show that the analytical results
given by Eq. (5) are in good agreement with the numerical
simulations. Note that for the case of p = ex (along the
anisotropy axis), asymmetrical bimerons can be driven, while
for a symmetrical bimeron, F driv = 0 is derived so that its
motion speed is equal to zero.
V. MOTION OF BIMERONS DRIVEN BY MAGNETIC
FIELD GRADIENTS
Using the magnetic field as a driving source is applicable in
both metals and insulating materials, so it is an important ma-
nipulation method, and it is necessary to discuss the dynamics
FIG. 6. (a)-(c) The trajectories of bimerons induced by an alter-
nating magnetic field H = H0sin(2pift)ex [(a) the asymmetrical
bimeron with positiveQ; (b) the asymmetrical bimeron with negative
Q; (c) the symmetrical bimeron with positiveQ.], where µ0H0 = 50
mT, f = 10 GHz and α = 0.5. In order to form the symmetrical
bimeron, the anisotropic DMI is used in our simulation. (d)-(f) show
the time evolution of the guiding center (rx, ry) for the cases of Figs.
(a)-(c) respectively.
of bimeron induced by magnetic fields. In the next sections,
we focus on the study of the bimeron dynamics induced by
magnetic field gradients and alternating magnetic fields. Fig-
ure 5(a) shows the time evolution of the velocities (vx, vy) for
the bimeron with positive Q, where a magnetic field gradient
(H = −dH/dx · xex with µ0dH/dx = 1 mT/nm, where
the gradient value could be feasible in experiments [72]) is
applied and the damping α = 0.5. For the case shown in
Fig. 5(a), the change of bimeron size induced by the magnetic
field can be ignored, and the velocities (vx, vy) at t = 0.2
ns almost reach a constant value of (0.518 m/s, 1.002 m/s).
Figure 5(b) shows that the velocities of the bimeron are pro-
portional to the magnetic field gradient. Due to the presence
of the magnetic field gradient, the potential energy of the sys-
tem changes spatially, so that a nonzero driving force will act
on the FM bimeron. We now derive the formula of the driving
force induced by the magnetic field with a constant gradient.
Applying a partial integration, [17] the induced force is de-
rived from −µ0MStz
∫
H · ∂xmdxdy, which is described as
F grad = µ0MStzuH
dH
dx
ex, (6)
where uH =
∫
(1−mx)dxdy is 94.4 nm2 for the parameters
used here (see Fig. 12). Substituting the above Eq. (6) into
Eq. (5), we obtain the steady motion speed, and find that the
bimeron moves towards the area of lower magnetic field, sim-
ilar to the case of the skyrmion [18]. As shown in Fig. 5(b),
the results given by Eqs. (5) and (6) are consistent with the
numerical simulations.
5VI. MOTION OF BIMERONS DRIVEN BY ALTERNATING
MAGNETIC FIELDS
Recently, an interesting method for manipulating magnetic
skyrmions, was proposed, i.e., by using an oscillating electric
field and combining a static magnetic field, where the elec-
tric field can modify the magnetic anisotropy. [73, 74] Such a
method is applicable in both metals and insulators. With the
oscillating electric field alone, the skyrmion will exhibit the
breathing motion (rather than propagation along a certain di-
rection) and the spin wave excitation is symmetric. When an
in-plane static magnetic field is applied, the symmetry of the
skyrmion is broken and then the spin wave excitation becomes
asymmetric, resulting in nonzero net driving force. [73, 74]
Thus, an oscillating electric field can drive the asymmetri-
cal skyrmion to move along a certain direction. In addition,
the skyrmion speed reaches its maximum value when the fre-
quency of the oscillating electric field matches the eigenfre-
quency of the system. [73]
The bimerons studied here have intrinsic asymmetrical
structure, so that they can be driven by the alternating field.
Figures 6(a) and (b) show the trajectories of asymmetri-
cal bimerons driven by an alternating magnetic field H =
H0sin(2pift)ex, where the applied magnetic field is uniform
in space. Indeed, the propagation of asymmetrical bimerons
are induced, and for the bimerons with opposite signs of Q,
their trajectories are essentially the same, except for their mo-
tion directions. For the purpose of comparison, we also cal-
culate the motion of the symmetrical bimeron under the same
magnetic field, as shown in Fig. 6(c), from which we can see
that an alternating magnetic field cannot induce the symmetri-
cal bimeron to propagation. Note that in addition to the alter-
nating magnetic field, the alternating magnetic anisotropy can
also excite the asymmetrical bimeron to move along a certain
direction, as shown in Fig. 13.
On the other hand, based on the time evolution of the guid-
ing center (rx, ry), the propagation velocities (vx, vy) of the
bimeron can be obtained [see Fig. 6(d)]. Figures 7(a) and (b)
show the velocities as functions of the frequency f , where
we take the alternating magnetic field H = H0sin(2pift)ex
with amplitude µ0H0 of 10 mT and frequency f of 8 ∼ 32
GHz. Similar to the case of the skyrmion, [73] the bimeron
reaches its maximum speed when the frequency of alternat-
ing magnetic fields coincides with the system eigenfrequency
of ∼ 20.6 GHz [see the inset in Fig. 7(a)]. In addition, the
velocities (vx, vy) are calculated as functions of the damping
α, as shown in Figs. 7(c) and (d), where the alternating mag-
netic field has the amplitude of 10 mT and frequency of 20
GHz. To understand the results of the numerical simulations,
we try to find the net driving force induced by the alternating
magnetic field. As shown in the inset of Fig. 7(d), the ratio
vy/vx obtained from numerical simulations can be described
by αdxx/(−4piQ). Thus, Eq. (5) suggests that the net driv-
ing force F net is almost along the y direction. Assuming that
Fnet = c1/α + c2 + c3α + c4α
2 with c1 = 0.865 × 10−16
N, c2 = 1.398 × 10−16 N, c3 = −5.081 × 10−16 N and
c4 = 4.975× 10−16 N, the results given by Eq. (5) agree with
the numerical simulations, as shown in Figs. 7(c) and (d). It
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FIG. 7. (a) and (b) The bimeron velocities (vx, vy) as functions of the
frequency f of the alternating magnetic field H = H0sin(2pift)ex,
where µ0H0 = 10 mT, and α = 0.1, 0.3 and 0.5. The inset in
Fig. 7(a) is the absorption spectrum. Applying a magnetic field
Bs = 0.5 mT·sin(2pift)/(2pift)ex with f = 100 GHz yields
the average magnetization 〈mx(t)〉 of the system, and then the
Fourier transform of 〈mx(t)〉 gives the absorption spectrum, where
the damping α = 0.008 is used in our calculation. (c) and (d) The
bimeron velocities (vx, vy) as functions of the damping α, where the
alternating magnetic field has the amplitude of 10 mT and frequency
of 20 GHz. The inset in Fig. 7(d) shows the ratio of vy/vx with
different damping constants.
is worth mentioning that the bimeron will annihilate, when a
strong alternating magnetic field (its amplitude and frequency
are 100 mT and 20 GHz respectively) is applied (see Video 2).
VII. MAGNETIC BIMERONS SHOWING NO SKYRMION
HALL EFFECT
As shown in Figs. 6 and 7, under the action of the alternat-
ing magnetic field, the FM bimerons show the skyrmion Hall
effect due to the presence of the Magnus force (G×v), and the
motion speed is small (< 0.1 m/s). Here we introduce a force
induced by magnetic field gradients to compensate the Mag-
nus force, and then achieve this purpose of overcoming or sup-
pressing the skyrmion Hall effect, as shown in Fig. 8(a), where
the direction of the net driving force F net (the y direction) is
parallel to the racetrack. Figure 8(b) shows that as the mag-
netic field gradient µ0dH/dx increases, the bimeron moves
faster and the skyrmion Hall effect is effectively suppressed.
When µ0dH/dx increases to 0.28 mT/nm, the bimeron prop-
agates parallel to the racetrack with the speed of∼ 0.374 m/s,
so that the bimeron will not be destroyed by touching the race-
track edge. On the other hand, for the case of µ0dH/dx =
0.28 mT/nm, the propagation of the bimeron is perpendicular
to the gradient direction, so that the bimeron size is not af-
fected by the space-dependent magnetic field. If µ0dH/dx >
0.28 mT/nm, the force F grad induced by the magnetic field
gradient is larger than the Magnus force (G×v), causing that
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FIG. 8. (a) The schematic diagram of the forces acting on the
bimerons, where F net and F grad are the forces induced by the alter-
nating magnetic field and magnetic field gradient respectively, and
F α and G × v denote the dissipative force and Magnus force. The
color of the background represents the value of the space-dependent
magnetic field. (b) The trajectories of bimerons induced by an alter-
nating magnetic field H = H0sin(2pift)ex with µ0H0 = 10 mT
and f = 20 GHz, where we set the damping α = 0.1 and the total
time t = 1 ns in our simulations. In addition, the magnetic field gra-
dient (H = −dH/dx · xex with µ0dH/dx = 0, 0.2, 0.28 and 0.6
mT/nm) is applied. (c) and (d) The bimeron velocities (vx, vy) as
functions of the magnetic field gradient µ0dH/dx, where α = 0.1,
the frequency f of alternating magnetic fields is 20 GHz, and the am-
plitudes µ0H0 of 10 and 20 mT are adopted. The symbols and lines
denote the results of numerical simulations and Eq. (5) respectively.
the bimeron moves towards the area of lower magnetic field
[see Fig. 8(b)].
By changing the magnetic field gradient µ0dH/dx, the dif-
ferent velocities are obtained by numerical simulations, as
shown in Figs. 8(c) and (d). In our simulations, the damp-
ing α = 0.1, the frequency f of alternating magnetic fields
is 20 GHz, and the amplitudes µ0H0 of 10 and 20 mT are
adopted. Combining the Eq. (6) and substituting F driv =(
Fgrad
Fnet
)
into Eq. (5), the analytical velocities are given. As
shown in Figs. 8(c) and (d), the results given by Eq. (5) are
consistent with numerical simulations, where the values of
Fnet ∼ 9.58× 10−16 and 32.59× 10−16 N have been used for
the cases of µ0H0 = 10 and 20 mT respectively. We now de-
rive the critical magnetic field gradient, at which the bimeron
moves without showing the skyrmion Hall effect, i.e., vx = 0.
Based on G × vyey + F grad = 0, the critical magnetic field
gradient is derived, which satisfies the following formula,
dH
dx
=
4piQ
γuH
vy, (7)
where vy = γFnet/(αdyyµ0MStz). As mentioned earlier, for
the case of µ0H0 = 10 mT, our numerical simulation shows
that the critical magnetic field gradient is ∼ 0.28 mT/nm and
the corresponding speed vy is ∼ 0.374 m/s. If the amplitude
µ0H0 of the alternating magnetic field is increased to 20 mT,
the critical magnetic field gradient and corresponding speed
vy are∼ 1.11 mT/nm and 1.486 m/s, respectively, as shown in
Figs. 8(c) and (d). The above values obtained from numerical
simulations obey Eq. (7).
VIII. CONCLUSIONS
In conclusion, we analytically and numerically study the
dynamics of FM bimerons induced by spin currents and mag-
netic fields. Numerical simulations show that two bimerons
with opposite signs of the topological numbers can be si-
multaneously created in a FM film via current-induced spin
torques, and we prove their energy equivalence. However, the
coexistence of two skyrmions with opposite topological num-
bers is not allowed in a FM film with the same background.
Compared to the skyrmions, the bimerons studied here have a
smaller size for the same values of parameters. The motion of
bimerons induced by spin currents is also discussed, and the
bimeron speed is analytically derived, which agrees well with
the numerical simulations. We point out that two-lane race-
tracks based on bimerons can be built in order to accurately
encode the data bits, as the bimerons with opposite topolog-
ical numbers can coexist and have opposite drift directions.
In addition, a magnetic field gradient can drive a bimeron to-
wards the area of lower magnetic field. More importantly,
when only an alternating magnetic field is applied to the en-
tire film system, the asymmetrical bimeron propagates along a
certain direction. Besides, if a suitable magnetic field gradient
is further introduced, the alternating magnetic field can drive
the bimeron to move at a speed of ∼ 1.5 m/s and the bimeron
does not show the skyrmion Hall effect. Our results are useful
for understanding of the bimeron dynamics and may provide
effective ways for building bimeron-based spintronic devices.
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7Appendix A: Stability diagram of the FM bimeron
Figure 9 shows the stability diagram of the ferromagnetic
bimeron for different values of D and K, which is obtained
by relaxing a bimeron with damping α = 0.1 and simulation
time t = 5 ns. In order to stabilize the bimeron, for a strong
magnetic anisotropy K, a large DMI constant D has to be in-
troduced. In Fig. 9, the stable bimerons with negative Q are
shown. As discussed in the main text, the bimerons with op-
posite Q can coexist in the FM systems, so that the bimeron
with positiveQ can also be stabilized if the bimeron with neg-
ative Q is a stable solution.
FIG. 9. The stability diagram of the ferromagnetic bimeron for dif-
ferent values of D and K, where the damping constant is 0.1 and
other parameters are the same as those of Fig. 2. The color repre-
sents the out-of-plane component of magnetization and the empty
area indicates that the relaxation state is the FM ground state.
FIG. 10. The time evolution of the magnetization mz , where the
currents of j = +1000 MA/cm2 and −1000 MA/cm2 are adopted,
and other parameters are the same as those of Fig. 2.
Appendix B: Creation of the isolated bimeron
Figure 10 shows that when the current of j = +1000
MA/cm2 is adopted, an isolated bimeron with positive sign of
Q is created, while the created bimeron has negative sign of
Q for j = −1000 MA/cm2. Interestingly, the shape of mag-
netic structures excited by j = +1000 and −1000 MA/cm2
has mirror symmetry at the same time.
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FIG. 11. The time evolution of dij (a) and u (b)-(d) for p = ex, ey
and ez , where the adopted parameters are the same as those of Fig. 4.
Appendix C: The numerical values of d, u and uH for the FM
bimeron
In addition to the velocity of the FM bimeron, the time
evolution of dij and u can be obtained by solving Landau-
Lifshitz-Gilbert equation and combining their definitions. As
shown in Fig. 11, dxx ∼ 15.44, dyy ∼ 12.93, and dxy ∼ 0 at
t = 0.2 ns. In addition, for p = ex, ey and ez , (ux, uy) equals
to (0, −13.18 nm), (33.03 nm, 0) and (0, 25.91 nm), respec-
tively, where the adopted parameters are the same as those of
Fig. 4.
Figure 12 shows that the value of uH is ∼ 94.4 nm2 at t =
0.2 ns, where the adopted parameters are the same as those of
Fig. 5(a).
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u H (
nm2
)
t  ( n s )
 
FIG. 12. The time evolution of uH, where the adopted parameters are
the same as those of Fig. 5(a).
Appendix D: Motion of the asymmetrical bimeron induced by
an alternating magnetic anisotropy
Figure 13 shows that similar to the case of the alternat-
ing magnetic field, an alternating magnetic anisotropy, i.e.,
K = 0.8 MJ/m3 + 0.02 MJ/m3 sin(2pift) with f = 10 GHz,
can induce the propagation of the asymmetrical bimeron. The
alternating magnetic anisotropy could be realized by applying
AC electric field or AC stress to material systems. [24]
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FIG. 13. (a) The time evolution of the anisotropy constant K. (b)
The trajectory of the asymmetrical bimeron with positive Q. (c) and
(d) The time evolution of the guiding center (rx, ry). Only the alter-
nating magnetic anisotropy is adopted as the driving source. α = 0.5
and other parameters are the same as those of Fig. 2.
Appendix E: Videos for the FM bimeron
Two videos are attached. Video 1 presents the creation of
two FM bimerons via a spin-polarized current. Video 2 shows
that the FM bimeron will annihilate when an alternating mag-
netic field H = H0sin(2pift)ex with f = 20 GHz and µ0H0
= 100 mT is applied.
Video 1. Creation of two FM bimerons via a spin-polarized current.
The adopted parameters are the same as those of Fig. 2.
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